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(54) Process for the preparation of Epoxides 

(57) A continuous process is described for the prep- 
aration of olefin oxides by direct epoxidation of an olefin 
with hydrogen peroxide, or compounds capable of pro- 
ducing hydrogen peroxide under the reaction condi- 
tions, in a solvent medium, in the presence of a catalytic 
system consisting of a zeolite containing titanium and a 
buffer system with a pH controlled within the values of 
5.5 to 8.0, consisting of a nitrogenated base and a salt 
thereof with an organic or inorganic acid. 

The process allows high conversions and selectivi- 
ties of the olefin into the corresponding oxide with a cat- 
alytic activity stable over a period of time. 
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rnnnn The oresent invention relates to a continuous process for the preparation of epoxides. 

S the present invention relates to a continuous process for the preparation of propylene 

SST 1 Sr 0 2X« .es useful for the preparation of a wide variety of compounds. For 
LZL eooxioS S b use for the production of giycols, condensation polymers such as polyesters, or forthe prep- 
ZTo ^ZTX t^ synthesis of p 'yurethane foams. ^^^^^ in the 
rou04] The use of zeolitic compounds with an MFI structure containing titanium atoms (TS_1) as crtdyrts 

pTSppp ol thp typ« X.Si(R), or hydroso.ubl. uMpdtt. during Iiwp CM"» 1 SWP ' »»"" — « *"*«" b "' 

treated, before or during the reaction, with a neutral or acid salt, selected from Na 2 S0 4 , (NH 4 ) 2 S0 4 , NH 4 N0 3 

poT 4 " Operating according to these known processes, propylene oxide is obtained with a good yield and selectiv- 

SSnil These processes, however, have disadvantages deriving from the fact that these catalytic systems have a 

short duration of the catalytic cycle and consequently require frequent regeneration^ 

[0012] This creates considerable problems from both a technical and economic pent of view, above 

SSTJK: ie.d of the epoxide and a reduction in the catalytic activity during the 

[001 5] The use of this buffer system has substantial advantages, and in particular: 

(I) ft allows the catalytic activfty to be kept stable over a period of time, reducing the frequency of the regeneration 
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cycles of the catalyst to the minimum; and 
(ii) it allows the preparation of epoxides with high yields and selectivit.es. 



mm 61 In accordance with this the present invention relates to a continuous process for the preparation of epoxides 

genated base and a satt thereof with an organic or Inorganic acid. 

[0017] The nitrogenated base is selected from compounds hav.ng general formula (I) 
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N — Ri (I) 
I 

R 2 

wherein: R. R, and R 2 , the same or different, can be H, an alkyl group with C r C 10 carbon atoms, a -COR 3 group 
wherein R 3 is an alkyl group with C r C 10 carbon atoms or NH 2 , or a 

R4 

/ 

— C — (CH 2 ) n -0H 

\ 

Rs 



group wherein n is a number from 1 to 10 and R 4 and R 5 are H or C r C 10 alkyl groups. 

[0018] Preferred compounds having formula (I) are: ammonia, methylamine, ethylamine, diethylam.ne, trimethyl- 
25 amine, ethanolamine, diethanolamine, triethanolamine, n-propylamine. cartlol(V lic 
[0019 Organic acids which can be used for the purposes of the present invention can be selected from cart>oxyhc 
acids such asacetic acid, formic acid, propionic or butyric acid and their derivatives, such as for example oxyacds such 
as glycol acid and a-lactic acid. 

[00201 The inorganic acids are selected from sulfuric and phosphoric acid. im „ ntiAn 
[0021 Sulfuric acid, acetic acid and formic acid are particularly preferred for the purposes of the present mven t on^ 
0022 The olefin compounds which can be used in the process of the present invention can be selected from 
organ c compounds having at least one double bond and can be linear or branched aliphatic, aromatic ,t 
and cyclic. They are preferably olefin hydrocarbons having from 2 to 30 carbon atoms .n the molecule and containing 

$S ° n VxamXs°of d olef ins suitable for the purposes of the present invention are selected from those having gen- 
eral formula (II) 
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Ri Rs 

AO \ I 

c==c 

/ \ 

R 2 R« 

45 

wherein' R, R 2 , R 3 and R 4 , the same or different, can be H, an alkyl radical with from 1 to 20 carbon atoms ar , aryl 
S a anWarylUcalwitn 

cvcloalkvl radical with from 7 to 20 carbon atoms. The radicals R„ R 2 , R 3 and R<, can form, .n pairs, saturated or 
so rJaSlJrings These radicals may additionally contain halogen atoms, nrtro, nitrite, sulfonic groups and reiat,ve 
esters carbonvl hvdroxyl, carboxyl, thiol, amine and ether groups. 

[0?24]' Examples of olefins which can be epoxidated with the process of the present invention are: ethylene propyl- 
ene allyl chloride allyl alcohol, butenes, pentenes. hexenes, octeneheptenes-1 , 1 -tridecene, mesityl oxide, isoprene 
cJdoSene, cyclohexene or bicyciic compounds such as norbornenes, pinenes, etc. The olefins can carry the above 
55 substituents both on the unsaturated carbon atoms and on different positions. onmnoun d 
[o025] The oxidizing agent used in the process of the present invention is hydrogen peroxide (H 2 0 2 ) or a compound 
which is caDable of qenerating H 2 0 2 under the epoxidation conditions. 

S£| An aqueous solution of hydrogen peroxide is preferably used, at a minimum concentration of 1% by weight, 
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oreferablv with a titer greater than or equal to 35% by weight. 

known by the name of titanium-silicalites. n . ent , , o 4410501 

[0M1] For example titanium-silicalites with an MFI structure can be used, described .n the patent U.S. 4,410.501 

EST which part of the titanium is substituted by other metais, such as 
„ E J^ZZZSZ These substituted titanium silica.Kes and the methods for their preparat.cn are 

Z paten 1 001 038 Other titanium-silicalites can be selected from beta zeolites conta.nmg t,tan,um and I hav ng , a 
BEA Sure described in Spanish paten, 2,037.596, ZSM-1 2 containing titanium and optiona.ly alum,num, descnbed 

xTi0 2 -(1-x)Si0 2 

•Mat. X r^OTS . »«*« ™ 9 ing MX 0.000, » 0.04. ft. ,«*. * « ™** "7w 2« " " 25 ' ^ 

ST*. S2 «SL» 0. ft. «*» .he ~«»" "I P«'°«"0. "» o»™P°o"»" 

of the solvent the catalytic activity and type of reactor or reaction system used. 

SJ5T Th* i quantity of catalyst typically ranges from 1 to 15% by weight Wrth respect to the reacbon m.xture, pref- 

Sr^cS^Te used in the form of powder. peUets, mfcrosphe.es, extruded product or other convenient 

£f 'Te temperature used in the process of the present invention generally ranges from 20 to 1 50°C, preferably 
S 40 to ^StE^!^ » th-t which ahows the o.efin to be maintained in liquid phase at preset 
ZZlZe^rl The opening pressure is generally higher than atmospheric pressure when gaseous o.ef.ns are 

rtwo] The epoxidation process of the present invention can be carried out in batch, semi-continuous or. preferably. 

So4 0 lT UO Various types of reactor can be used in the process of the present invention, for example a slurry reactor or 

I^^Th^pPxidation process is preferably carried out in continuous, by feeding into a reaction zone containing 
[ ™!Ls^ZZ£oL. the solvent, preferably methanol, propylene and an aqueous buffer solutoo hav- 
Z «S PH aefined above, so that the P H is contro.led in the reactor wKhin values rang.ng frcm 5.5 to 

X«S:S ££3 E-Q" Peroxide which reacts during the epoxidation reaction with 

K The epoxidation product obtained with the process of the present invention ,s separated and recovered from 
r^^SSaC- — > -ter detail and 
should in no way be considered as limiting its scope. 
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pvamplP 1 tcomoarative^ 
Oxidation of propylene 

[0047] The epoxidation reaction is carried out in a stirred, 1 .5 litre, AISI 31 6L steel reactor, equipped with a thermo- 
stat-regulation system, level control, pressure control and filter for continuously removing the solution, maintaining the 
catalyst in the reactor. . 
[0048] 760 g of a solution of methanoJ/water (93/7) and 40 g of titanium silicalite TS-1 (EniChem, with a titanium 
content equal to 2.05% by weight) are initially charged. After thermostat-regulating the system at 50°C and pressurizing 
with propylene to 12 bar, the following products are then fed in continuous by means of pumps: 

1 . 1 970 g/hour of a solution of methanol/water 92.8/7.2 by weight 

2. 230 g/hour of an aqueous solution of H 2 0 2 at 35% by weight 

3. propylene 

4. 100 g/hour of water. 

[0049] The overall reaction mixture in the feeding (without propylene) is equal to 2300 g/hour and its composition is 
the following: 

H 2 0 2 3.5%, H 2 0 17%, MeOH 79.5%. 

The pressure in the reactor is maintained at 12 bar, feeding propylene. 

[0050] The reaction trend is followed by taking samples every two hours and determining the residual H 2 0 2 by titra- 
tion with sodium thiosulfate and the reaction products by gaschromatography. The pH of the reaction mixture is deter- 
mined on the liquid effluent leaving the reactor after partially degassing the propylene. 
[0051 ] The results are shown in table 1 . 

Table 1 
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Time (hrs) 


H 2 0 2 conversion % 


PO selectivity % 


Reaction pH 


6 


94 


65 


4.5 


16 


88 


78 


4.5 


30 


85 


85 


4.5 



35 Example 2 (comparative) 

[0052] The reaction is carried out under the same conditions as example 1 , but using a reaction temperature equal 
to 60°C. 

The results are indicated in table 2. 

40 

Table 2 
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Time (hrs) 


H 2 0 2 conversion % 


PO selectivity % 


Reaction pH 


6 


90 


67 


4.5 


16 


82 


75 


4.5 


30 


75 


80 


4.5 



so Example 3 

[0053] The reaction is carried out as described in example 2, but feeding in continuous (1 00 g/hour) an aqueous 
buffer solution containing 0.048% of NH 3 and 0.12% of (NH 4 ) 2 S0 4 instead of water. The results are shown in table 3. 
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Table 3 



Reaction hours 


H 2 0 2 conversion % 


PO selectivity % 


Reaction pH 


16 


97 


96.8 


6.1 


30 


96 


97.2 


6.0 


60 


94 


97.6 


6.1 


100 


94 


98.1 


5.9 



Example 4 

is [0054] The same procedure is adopted as in example 2, but feeding (100 g/hour) an aqueous buffer solution con- 
taining 0.048% of NH 3 and 0.12% of ammonium acetate (CH 3 COONH 4 ). 
[0055] The results are shown in table 4. 
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Table 4 



Reaction Hours 


H 2 0 2 conversion % 


PO selectivity % 


Reaction pH 


16 


97 


96.2 


6.5 


60 


95.5 


97.8 


6.5 


100 


94.8 


98.1 


6.4 


300 


95.1 


98.5 


6.5 



30 Example 5 

[0056] The same procedure is adopted as in example 2. but feeding (100 g/hour) an aqueous buffer solution con- 
taining 0.048% of NH 3 and 0.10% of ammonium formiate (HCOONH 4 ). 
[0057] The results are shown in table 5. 
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Table 5 



Time (hours) 


H 2 0 2 conversion % 


PO selectivity % 


Reaction pH 


16 


98.0 


96.2 


6.4 


60 


96.2 


96.8 


6.3 


100 


95.2 


97.2 


6.3 


400 


95.1 


98.0 


6.3 


600 


95.0 


98.1 


6.3 



[0058] From the data indicated in tables 3, 4 and 5, high conversion and selectivity values are observed together 
with a stability in the catalyst activity. 

FyamplP b (comparative) 

[0059] The same procedure is adopted as in example 2, but feeding (100 g/hour) an aqueous solution containing 
0.10% of sodium acetate. The results are shown in table 6. 
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Table 6 



Time (hours) 


H 2 0 2 conversion % 


PO selectivity % 


Reaction pH 


6 


96 | 


84 


5.8 


16 


94 


91 


6.0 | 


30 


87 


96 


6.2 


60 


75 


95 


6.0 



[0060] From the values indicated in the table, a deterioration in the catalyst over a period of time, is observed. 
15 Fxam ple 7 (comparative) 

[0061] The same procedure is adopted as in example 2, but feeding 100 g/hour of an aqueous solution containing 
0.10% of NaN0 3 . The results are shown in table 7. 
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Table 7 



Time (hrs) 


H 2 0 2 conversion % 


PO selectivity % 


Reaction pH 


6 


92 


71 


4.5 


16 


87 


82 


4.4 


30 


84 


86 


4.5 



Fxample 8 (comparative) 

30 [0062] The same procedure is adopted as in example 2, but feeding 1 00 g/hour of an aqueous solution containing 
0.04% of NaOH. The results are shown in table 8. 



Table 8 



Time (hrs) 


H 2 0 2 conversion % 


PO selectivity % 


Reaction pH 


6 


85 


93 


6.6 


16 


65 


98 


7.3 



Fvamplfl Q (comparative) 

[0063] The same procedure is adopted as in example 2, but feeding 1 00 g/hour of an aqueous solution containing 
45 0.2% of NaCl. The results are shown in table 9. 



Table 9 



Time (hrs) 


H 2 0 2 conversion % 


PO selectivity % 


Reaction pH 


6 


90 


78 


4.5 


16 


85 


84 


4.5 



55 Claims 



1 A continuous process for the preparation of olefin oxides by the direct epoxidatlon of an olefin with hydrogen per- 
oxide, or compounds capable of producing hydrogen peroxide under the reaction conditions, .n a solvent med.um, 
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in the presence of a catalytic system consfeting of a zeolte containing ttenium atoms and a buffet -system , with , a 
pH controlled within values ranging from 5.5 to 8.0. consisting of a nttrogenated base and a sett thereof wtth an 
organic or inorganic acid. 

2. The process according to claim 1 . wherein the nitrogenated base is selected from compounds having general for- 
mula (I) 



N — Ri ( I ) 

I 

R 2 

wherein: R, R, and R 2 . the same or different, can be H, an alkyl group with C r C 10 carbon atoms, a -COR 3 group 
wherein R 3 is an alkyl group with C,-C 10 carton atoms or NH 2 , or a 

R4 

I 

-C — (CH 2 )„-OH 
I 

Rs 

group, wherein n is a number ranging from 1 to 10 and R 4 and R 5 are H or C r C 10 alkyl groups. 

3 The process according to claim 2, wherein the nitrogenated base is selected from ammonia, methylamine, ethyl- 
a^neZetSamine trimethylamine. ethanolamine. diethanolamine, triethano.amine, n-propylam.ne. 

4 The process according to claim 1 , wherein the organic acids can be selected from carboxylic acids, such as acetic 
' acid, formte, propionic and butyric acid or their derivatives such as glycolic acid and <x-lact,c ac.d. 

5. The process according to claim 1 , wherein the inorganic acids are selected from sulfuric acid and phosphoric acid. 

6. The process according to claim 1 . wherein the olefin compounds can be selected from ^ <"*">* having 
at least one double bond and can be linear or branched aliphatic, aromafc, alkylaromahc and cycl.c. 

7 The process according to claim 6. wherein the olefin compounds are selected from olefin hydrocarbons having 
from 2 to 30 carbon atoms in the molecule and containing at least one double bond. 

8. The process according to claim 7, wherein the olefin compounds are selected from those having general formula 
(II) 

Ri R 3 

\ / 
C==C 

/ \ 
R 2 R« 



• q D r and R the same or different can be H. an alkyl radical with from 1 to 20 carbon atoms, an 
an alkyicycloalkyl radical with from 7 to 20 carbon atoms. 



8 



EP 1 072 600 A1 

9. The process according to claim 8, wherein the radicals R„ R 2 , R 3 and R 4 can form, in pairs, saturated or unsatu- 
rated rings. 

10. The process according to claim 8, wherein the radicals R,. R 2 . R 3 and R 4 can contain substituents selected from 
5 halogens, nrtro. nitrite, sulfonic groups and relative esters, carbonyl. hydroxyl. carboxyl. th.ol am.ne and ether 

groups. 

1 1 . The process according to claim 1 , wherein the olefin is propylene. 

,o 12. The process according to claim 1 , wherein the hydrogen peroxide is used as an aqueous solution with a minimum 
titer of 1% by weight. 

13. The process according to claim 12, wherein the hydrogen peroxide is used as an aqueous solution with a titer equal 
to or higher than 35% by weight. 

' 5 14. The process according claim 1 , wherein the molar ratio between olefin and hydrogen peroxide ranges from 1 0/1 to 
1/10. 

15. The process according claim 14, wherein the molar ratio between olefin and hydrogen peroxide ranges from 6/1 to 
20 1/2. 

16. The process according to claim 1 . wherein the catalyst is selected from titanium silicalites having general formula 
(III): 

25 xTi(V(1-x)Si0 2 
wherein: x ranges from 0.0001 to 0.04. 

17. The process according to claim 1 6, wherein the value of x ranges from 0.01 to 0.025 

18. The process according to claim 16, wherein in the titanium silicalite part of the titanium is substituted by metals 
selected from boron, aluminum, iron or gallium. 

19 The process according to claim 1, wherein the solvent medium is selected from alcohols, hydro-alcohol mixtures, 
' ketones, ethers, aliphatic and aromatic hydrocarbons, halogenated hydrocarbons, esters or glycols. 

20. The process according to claim 19. wherein the alcohols are selected from methanol, ethanol, isopropyl alcohol, t- 
butyl alcohol, cyclohexanol. 

40 21. The process according to claim 20. wherein the ketones are selected from acetone, methyl ethyl ketone, acetophe- 
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none. 



22. The process according to claim 19, wherein the ethers are selected from tetrahydrofuran and butyl ether. 

45 23. The process according to claim 19, wherein the solvent medium is a mixture of methanol/water wrth a weight ratio 
ranging from 50/50 and 99/1 . 

24. The process according to claim 1 , wherein the epoxidation reaction is carried out at a temperature ranging from 20 



to150°C 

50 



25. The process according to claim 24, wherein the temperature ranges from 40 to 1 00°C. 
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